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Reaction of 1,2-Di(1-adamantyl)-2-thioxoethanone with
Diazomethanes; 1,3- versus 1,5-Dipolar Electrocyclization of a
Sterically Crowded Thiocarbonyl S-Methylide
Abstract
The reaction of 1,2-di(1-adamantyl)-2-thioxoethanone (4c) with diazomethane and 2-diazopropane
yielded 2-acylthiiranes 6a and 6b, respectively, and no 1,3-oxathioles of type 7 were formed. The
reaction course is explained via [2+3]-cycloaddition, elimination of N2, and 1,3-dipolar
electrocyclization of the intermediate acylsubstituted thiocarbonyl ylides of type 1. The failure of the
competitive 1,5-dipolar electrocyclization is a result of the sterically unfavorable conformation  of 1a.
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The re ac tion of 1,2-di(1-adamantyl)-2-thioxoethanone (4c) with dia zo me thane and
2-diazopropane yielded 2-acylthiiranes 6a and 6b, re spec tively, and no 1,3-oxathioles of
type 7 were formed. The re ac tion course is ex plained via [2+3]-cycloaddition, elim i na -
tion of N2, and 1,3-dipolar electrocyclization of the in ter me di ate acyl-sub sti tuted
thiocarbonyl ylides of type 1 .  The fail ure of the com pet i tive 1,5-dipolar
electrocyclization is a re sult of the sterically un fa vor able con for ma tion 1a.
Key words: [2+3]-cycloaddition, electrocyclization, thiocarbonyl ylides, 2-thi-
o xoketones, thiiranes
Di verse sul fur heterocycles were pre pared via 1,3- and 1,5-dipolar electro -
cyclizations of thiocarbonyl ylides [1–4]. In the case of the 1,5-dipolar electro -
cyclizations, thiocarbonyl ylides 1 with an ex tended pi-sys tem are in volved. In most
of the re ported re ac tions, the ex ten sion of the pi-sys tem re sulted from the pres ence of
a C=O group in α-po si tion of the ylide. The most con ve nient meth ods for the gen er a -
tion of such re ac tive in ter me di ates are ther mal re ac tions of ei ther α-diazoketones 2
with C=S com pounds 3 or of α-thioxocarbonyl de riv a tives 4 with diazomethanes 5
(Scheme 1). Due to the lim ited avail abil ity of α-thioxoketones 4, the lat ter ap proach
has found only lim ited ap pli ca tion [4]. To the best of our knowl edge, only thiobenzil
(4a, R1 = R2 = Ph) and 2-thioxocyclohexanone (4b, R1–R2 = (CH2)4) were suc cess -
fully ex plored in the gen er a tion of the cor re spond ing in ter me di ates of type 1. In both
cases, the 1,5-dipolar electrocyclization lead ing to 1,3-oxathioles 7 was ob served ex -
clu sively [5,6], and no thiiranes 6 were formed.
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The prep a ra tion of the sta ble, sterically hin dered 1,2-di(1-adamantyl)-
 2-thioxoethanone (4c) was re ported re cently [7]. Now, we have de vel oped an im -
proved syn the sis of 4c, which is de scribed in the ex per i men tal part. Thus, due to our
on go ing in ter est in re ac tions of thiocarbonyl ylides, the re ac tions of 4c with dia zo me -
thane (5a) and 2-diazopropane (5b), aimed at the gen er a tion of sterically hin dered
thiocarbonyl ylide 1a, were car ried out. The com pe ti tion of 1,3- and 1,5-dipolar
electrocyclization of 1a was of spe cial in ter est.
RE SULTS AND DIS CUS SION
By anal ogy to other thioketones, treat ment of 4c with dia zo me thane (5a) in di -
ethyl ether at ca. –50°C re sulted in an im me di ate decoloration of the pur ple so lu tion.
By in creas ing the tem per a ture to ca. –30°C, a vig or ous evo lu tion of N2 was ob served. 
Af ter warm ing to room tem per a ture, the 1H-NMR anal y sis of the re ac tion mix ture re -
vealed, in ad di tion to the multiplet for the adamantyl H-at oms, the pres ence of an AB
sys tem at 2.45 and 2.51 ppm (2JH,H = 1.4 Hz), in di cat ing the for ma tion of only one
prod uct. Crys tal li za tion of the crude ma te rial from a mix ture of meth a nol and di -
chloro methane de liv ered a crys tal line prod uct in 96% yield, which was iden ti fied as
the thiirane 6a (Scheme 2) on the ba sis of the an a lyt i cal and spec tro scopic data. The
pres ence of the C=O group was clearly in di cated by the IR ab sorp tion at 1680 cm–1
and a sig nal at 212.5 ppm in the 13C-NMR spec trum. These data, to gether with the
pres ence of the AB sys tem for a CH2 group in the 1H-NMR spec trum ex cluded the al -
ter na tive struc ture of the 1,3-oxathiole 7a. Fur ther proof of the struc ture 6a was its
suc cess ful desulfurization by treat ment with tris(diethylamino)phosphane lead ing to
1,2-di(1-adamantyl)propen-1-one (9).
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Scheme 1
For the for ma tion of 6a, we pro pose, in anal ogy to pre vi ously de scribed re ac tions
of α-thioxoketones with diazomethanes [3–6], the path way shown in Scheme 2: the
ini tial [2+3]-cycloaddition of 5a with the more re ac tive C=S group yields the
cycloadduct 8a*, which un der goes the elim i na tion of N2 to give the re ac tive
thiocarbonyl ylide 1a. Al though the ylide C-atom of the lat ter is sub sti tuted by a car -
bonyl group and, there fore, the for mal struc tural con di tions for the 1,5-dipolar
electrocyclization are ful filled, only the 1,3-cyclization oc curs. We ex plain this ob -
ser va tion by the steric hin drance of the bulky adamantyl groups, which pre vent the
co-pla nar ar range ment of the C=O group and the ylide moi ety in 1a.
The at tempted trap ping of the in ter me di ate thiocarbonyl ylide 1a with maleic an -
hy dride, in anal ogy to other thiocarbonyl ylides [1,3], was in vain, and the 1H-NMR
spec trum of the crude re ac tion mix ture ob tained at room tem per a ture, re vealed the
pres ence of the thiirane 6a as a sole prod uct.
A proof of the intermediacy of the 2,5-dihydro-1,3,4-thiadiazole 8a was its re ac -
tion with morpholine (see [8]). Af ter decoloration of the mix ture of 4c and 5a at
–50°C, morpholine was added and the mix ture was al lowed to warm up to room tem -
per a ture. The mi nor prod uct, iso lated af ter chro mato graphic workup, side by side
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* In the crude mixture warmed up to room temperature, along with the AB-system of the CH2 group of 
the thiirane 6a (2.45 and 2.51 ppm, 2JH,H = 1.4 Hz), another AB-system located at 5.55 and 5.80 ppm with
 2JH,H = 17 Hz (attributed to the unstable 8a) was observed.
with the thiirane 6a, was iden ti fied as 11 (Scheme 2) based on MS and spec tro scopic
data. Thus, in the 1H-NMR spec trum, the in dic a tive sig nal for the amidine HC=N unit 
was reg is tered at 7.80 ppm.
As a sec ond ex am ple, the re ac tion of 4c with 2-diazopropane (5b) in THF was
car ried out as de scribed above. Af ter heat ing of the ini tially formed [2+3] cyclo -
adduct 8b in boil ing THF and the usual workup, the cor re spond ing 2-acylthiirane 6b
was iso lated in 64% yield (Scheme 3). Again, the struc ture was elu ci dated on the ba -
sis of the spec tro scopic data, which were sim i lar to those of 6a. The two methyl
groups at C(2) of the thiirane 6b ap pear in the 1H-NMR spec trum as a broad sin glet at
1.60 ppm and in the 13C-NMR spec trum also as only one sig nal lo cated at 28.5 ppm.
CON CLU SIONS
The pre sented re sults show that steric hin drance can pre vent the 1,5-dipolar
electrocyclization of thiocarbonyl ylides with a con ju gated pi-sys tem. It can be as -
sumed that the re quired s-cis con for ma tion 1a, which is nec es sary for the pericyclic
ring clo sure, can not be adopted be cause of the bulky adamantyl groups. There fore,
s-trans con for ma tions 1a′ and 1a′′ are pre ferred lead ing to the 1,3-dipolar ring clo -
sure. A sim i lar ef fect has been ob served in the ear lier de scribed re ac tions with
9H-xanthene- and 9H-thioxanthene-9-thiones lead ing to the cor re spond ing thio -
carbonyl ylides as a mix ture of rotamers 1b and 1b′ [9] (Scheme 4).
EX PER I MEN TAL
1. Gen eral. Melt ing points were de ter mined on a Melt-Temp. II ap pa ra tus (Aldrich) in cap il lar ies
and are un cor rected. The IR spec tra were mea sured on a NEXUS FT-IR spectrophotometer in KBr or as a
film; ab sorp tions in cm–1. The 1H-NMR spec tra were re corded on a Tesla BS 687 (80 MHz), Varian Gem -
ini 200BB (200 MHz), Bruker (400 MHz) or Bruker Avance II Plus 700 (700 MHz) in stru ment in CDCl3
as the sol vent and with TMS (δ = 0 ppm) as an in ter nal stan dard. The 13C-NMR spec tra were re corded on a
Varian Gem ini 200BB (13C at 50 MHz), Bruker (13C at 100 MHz) or Bruker Avance II Plus 700 (13C at 176
MHz) in stru ment in CDCl3 as the sol vent. The MS and HRMS were reg is tered on a Finnigan MAT 95
spec trom e ter.
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2. Start ing ma te ri als. Dia zo me thane (5a) and 2-diazopropane (5b) were pre pared by stan dard pro -
ce dures de scribed in our ear lier pa pers [10,11].
Im proved syn the sis of 1,2-di(1-adamantyl)-2-thioxoethanone (4c). A so lu tion of freshly dis tilled
sul fur dichloride (0.42 g, 4.1 mmol) in CH2Cl2 (8 ml) was added slowly to a stirred so lu tion of
di(1-adamantyl)acet y lene (1.20 g, 4.1 mmol) [12] in di chloro methane (50 ml) at room tem per a ture. Af ter
the com ple tion of the ad di tion, the pale yel low mix ture was stirred for 4 h and evap o rated to dry ness. The
re sult ing pale yel low solid was sub jected to sil ica gel col umn chro ma tog ra phy. Elu tion with a mixed sol -
vent of hex ane/CH2Cl2 (1:1) pro vided 0.98 g (70%) of pure 4c, whose phys i cal prop er ties agreed in all re -
spects with those of the au then tic sam ple pre vi ously ob tained [7].
3. Re ac tion of 1,2-di(1-adamantyl)-2-thioxoethanone (4c) with dia zo me thane (5a). A vi o let so -
lu tion of 4c (342 mg, 1 mmol) in ab so lute THF (7 ml) was cooled to −65°C in an ac e tone/dry ice bath and,
while stir ring with a mag netic bar, a freshly pre pared so lu tion of dia zo me thane (5a) in di ethyl ether was
added dropwise un til the color of the start ing ma te rial van ished (stepwise decoloration of the mix ture was
ob served af ter each drop of added so lu tion of 5a). The mix ture was stirred and al lowed to warm to room
tem per a ture (2–3 h). Next, the re ac tion mix ture was heated un der re flux for 2 h. Af ter this time, the sol vent 
was evap o rated to dry ness and the crude res i due was triturated with di ethyl ether. The iso lated solid was
ad di tion ally pu ri fied by crys tal li za tion from MeOH con tain ing small amounts of CH2Cl2.
1-Adamantyl-[2-(1-adamantyl)thiiran-2-yl]methanone (6a). Yield: 342 mg (96%), col or less crys -
tals, m.p. 157–160°C (CH3OH/CH2Cl2). IR (KBr): 2904vs, 2847s, 2677w, 2657w, 1680s (C=O), 1450m,
1342m, 1122w, 1103w, 990m, 603w. 1H-NMR: 1.57–1.71 (m, 20 H.); 1.96–1.99 (m, 10 H); 2.45, 2.51
(AB-sys tem, 2JH,H = 1.4 Hz, CH2). 13C-NMR: 24.6 (CH2S); 28.3, 28.7, 36.6, 39.3, 40.0 (6 CH and 12
CH2); 36.4, 48.6, 59.1 (3 Cq); 212.5 (C=O). EI-MS (m/z, %): 324 ([M–32]+, 15), 136 (11), 135 (100), 93
(8), 79 (9). EI-HRMS for C23H32OS – [S] ([M–32]+): calcd. 324.2453; found 324.2450.
4. Desulfurization of 6a by treat ment with tris(diethylamino)phos phine. A so lu tion of 6a (1
mmol, 356 mg) and (Et2N)3P (1 mmol, 247 mg) in ab so lute THF (7 ml) was heated un der re flux for 2 h. Af -
ter evap o ra tion of the sol vent, the crude mix ture was pu ri fied chromatographically on a col umn packed
with sil ica gel, us ing a 4:1 mix ture of pe tro leum ether and CH2Cl2 as the eluent. The prod uct 9 was iso lated 
as pale yel low crys tals and it was an a lyzed with out fur ther pu ri fi ca tion.
1,2-Di(1-adamantyl)propen-1-one (9): Yield: 285 mg (88%), pale yel low crys tals, m.p. 110–116°C.
IR (KBr): 2903vs, 2848vs, 2677w, 2657w, 1686m, 1674s (C=O), 1617m, 1451s, 1343m, 1276m, 1137m,
Re ac tion of 1,2-di(1-adamantyl)-2-thioxoethanone... 1949
 
SR
R
O
1a
S
1a'
O
R
R
S
O
R R1a"
X X
H H H HS S
O
R OR
1b 1b'
Scheme 4
1002s, 916m, 675m, 595m. 1H-NMR: 1.64–2.08 (m, 30 H); 4.96, 5.21 (2s, C=CH2). 13C-NMR: 28.2, 28.6, 
36.5, 36.6, 39.2, 41.7 (6 CH and 12 CH2); 37.8, 46.3 (2 Cq); 110.1 (CH2=C); 158.6 (CH2=C); 215.1
(C=O). EI-MS (m/z, %): 324 (M+, 100). EI-HRMS for C23H32O: calcd. 324.2453; found 324.2426.
5. At tempted trap ping of 1a with maleic an hy dride. A vi o let col ored so lu tion of 4c (100 mg, 0.28
mmol) in abs. THF (2 ml) was stirred mag net i cally at −65°C, and an ethe real so lu tion of 5a was added
dropwise un til decoloration of the so lu tion was com plete. To the stirred so lu tion of 8a, maleic an hy dride
(21 mg, 0.28 mmol) was added and the so lu tion was slowly warmed to room tem per a ture. The next day,
the mix ture was checked by 1H-NMR, and only the al ready de scribed sig nals of thiirane 6a, along with
those of un con verted maleic an hy dride, were found.
6. Re ac tion of in situ ob tained 2,5-dihydro-1,3,4-thiadiazole 8a with morpholine. To a cold
(−65°C) and mag net i cally stirred so lu tion of 8a, ob tained from 4c (342 mg, 1 mmol) and 5a (ac cord ing to
the gen eral pro ce dure), a por tion of morpholine (870 mg, 10 mmol) was added and the mix ture was al -
lowed to warm up slowly to room tem per a ture (no evo lu tion of ni tro gen was ob served). The next day, the
mix ture was heated for ca. 0.5 h in an oil bath of 45°C. Af ter evap o ra tion of the sol vents and re moval of
the ex cess morpholine by dis til la tion in vac uum (‘Kugel-Rohr’), the res i due was sep a rated
chromatographically on a col umn packed with sil ica gel. The ma jor prod uct iso lated (293 mg, 82%) was
thiirane 6a, which formed the less po lar frac tion. The more po lar frac tion (98:2 mix ture of MeOH and
CH2Cl2 was used as the eluent) was iso lated and iden ti fied as 11 (70 mg, 16%). This prod uct was ad di tion -
ally pu ri fied chromatographically on SiO2 plates us ing a 1:4 mix ture of pe tro leum ether and ethyl ac e tate
as the eluent.
1,2-Di(1-adamantyl)-2-{[1-(morpholin-4-yl)methylidene]hydrazono}ethanone (11): Yield: 70 mg
(16%). Col or less, semi-solid ma te rial. IR (KBr): 2904vs, 2849vs, 2678w, 2657w, 1725w, 1679m, 1623vs
(C=O), 1583s, 1450s, 1270m, 1234m, 1116m, 1027m, 987m, 869w, 632w. 1H-NMR: 1.70–2.10 (m, 30 H);
3.30–3.50 (m, 2 CH2); 3.52–3.80 (m, 2 CH2); 7.80 (s, CH=N). 13C-NMR: 28.2, 28.4, 36.6, 36.8, 37.9, 40.9
(6 CH and 12 CH2); 37.8, 44.9 (2 Cq); 40.9, 66.5 (4 CH2 morpholine); 159.4 (C=N); 171.6 (CH=N); 218.2
(C=O). EI-MS (m/z, %): 437 (M+, 100). EI-HRMS for C27H39O2N3: calcd. 437.3042; found 437.3018.
7. Re ac tion of 4c with 2-diazopropane (5b). A vi o let so lu tion of 4c (342 mg, 1 mmol) in ab so lute
THF (7 ml) was cooled to −65°C in an ac e tone/dry ice bath and, while stir ring, a freshly pre pared so lu tion
of 5b in di ethyl ether was added drop-wise un til the vi o let color of the start ing ma te rial dis ap peared
(stepwise decoloration of the mix ture was ob served af ter each drop of the added so lu tion of 5b). The mix -
ture was mag net i cally stirred and al lowed to warm to room tem per a ture (2–3 h). Next, the re ac tion so lu -
tion con tain ing 8b was heated 1 h un der re flux. Af ter cool ing to room tem per a ture and evap o ra tion of the
sol vent, the solid res i due was triturated with pe tro leum ether to give thiirane 6b, as an an a lyt i cally pure
sub stance.
1-Adamantyl-[2-(1-adamantyl)-3,3-dimethylthiiran-2-yl]methanone (6b): Yield: 245 mg (64 %).
Col or less crys tals, m.p. 96–100°C. IR (KBr): 2906s, 2849s, 2679w, 2657w, 1694m (C=O), 1560m, 1452s, 
1361m, 1344m, 1173m, 1047m, 908m, 734s. 1H-NMR: 1.60 (s, 2 CH3); 1.65–2.10 (m, 30 H). 13C-NMR:
28.5 (2 CH3); 28.9, 29.1, 36.6, 36.8 , 41.5, 43.5 (6 CH and 12 CH2); 29.7, 36.5, 47.2, 49.5 (4 Cq); 213.8
(C=O). EI-MS (m/z, %): 385 (27), 384 (M+, 98), 370 (27), 369 (100, [M–CH3]+), 293 (23), 135 (56), 93
(14), 79 (15). EI-HRMS for C25H36OS: calcd. 384.2486; found 384.2486.
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